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INTRODUCTION, ABSTRACT, AND SUMMARY OF EARLIER REPCRTS

This report will cover the work performed from 1 January 1967
through 30 June 1967 on Grant NsG-458 between The University of Arizona and
the National Aeronautics and Space Administration.

This contract was set up to support the development of new types
of detectors for analysis of planetary atmospheres. Initially the interest
was in detectors for use under partial vacuum conditions; recently, the
program has been extended to include detectors for use at one atmosphere,

Results to date have included detectors for 07, Hy and CO under
partial vacuum conditions, (see References Section). llore recently, detec-
tors for Hy and CO in air, at atmospheric pressure, have been reported.

Recently studies have been made on new detectors for oxygen and
ammonia., Results indicate that oxygen may be detected at levels near 500 ppm.
The . ammonia detector has adequate sensitivity at 100 ppm.

Arrangements for commercial production of the carbon monoxide de-
tector have been made. Pre-production designs are being tested and a portable

model for field studies 1s in the planning phase.



RESULTS IN Ti LAST SIA MONTHS

Alpha Brass and Ammonia

The study of the reaction between alpha brass and ammonia has
progressed and !Mr. Anderson has decided to continue this work in the
laboratory as a thesis for the M.3. degree.

The alpha brass ammonia reaction is a very characteristic cxample
of stress corrosion. A normally ductile material, alpha brass turns brit-
tle and fractures when exposed to one specific gas, ammonia.

The rcaction offers the experimenter an opportunity to study a
classical case of stress corrosion with the hope of understanding the basic
mechanism. Concurrently it may be possible to use the reaction as a specific
detector for ammonia. Ammonia Is an important constituent of the atmospheres
of the giant planets, where unmanned instrumented probes will almost certainly
be used for most investigations. There are other military and life detection
applications for an ammonia detector; here, we shall be concerned with the
investigation of the fundamental processes of stress corrosion.

The latest experimental set up 18 shown in Fig. 1. Special ground-
ing rings and an ion shield have been installed; the first to prevent any
surface leakage current from the brass wire to the collector, the second to
allow the experimenter to remove any ions generated in the air humidifier
before they can enter the collector.

For operation controlled and humidified gas mixtures are passed
through the system while various voltages are applied between the brass wire
and the collector. The positive ion current to the collector is measured by

a Hewlett-Fackard 425A amueter and a Heath recorder.



The first experiments with Nliy and moist air indicated that a
small positive ion current to the collector is independent of the presence
of alpha brass in the system. ‘e take this current to be due to the normal
dissociation of NHj in the gas phase; in all later experiments, this small
current was taken into account in evaluating the results.

In the next experiments the ion current vs. time curves were ob-
served as a function of Mlj concentration at constant collector voltage.
The results are shown in Fig. 2; 1in each case, there is a rapid rise in
current followed by a plateau, the tramsition occurring at shorter times
with lower concentrations of NHj.

To return to the data of Fig. 2, we suggest that the ion current
is due to a stress corrosion reaction in which an adherent and protective
£film forms on the alpha brass and slows down the rate of migration of zn™t
ions to the surface and thus to the gas phase.

There is no question that an actual migration of zinc occurs from
the brass wire to the positive collector. This is not too surprising be-
cause liquid phase SCC is known to involve the loss of zinc from alpha brass
leaving behind a spongy, brittle material. Our work is the first to report
a similar process in gas phase SCC.

As further proof of this migration, a section of the stainless
steel collector was analyzed by x~ray techniques and definite zinc lines

were observed. - Since the stainless steel showed no cevidence of zinc before

ive should note that in Fig. Z and in all subsequent figures the currents
have been normalized with respect to I,, the currcant before ammonia is ad-
mitted to the test system. This I, is somewhat dependent upon the flow rate
and moistyre content of air flowing through the system. The actual value of
I, ~ 107 - 107*“ amps is generally constant in a given experiment and
dividing the signal by I, gives the results in a natural signal-to-noise-
ratio forn.




the experiment, this may then be taken as definite evidence of zinc ion
migration. A subsequent experiment with a conductive glass collector
yielded the same results,

Unfortunately, the technique is not quantitative and as yet we
have not been able to measure the weight of deposited zinc to compare it
with the time integral of the ion current (Faradays experiment). The
difficulty involves experimentally weighing the collector to within less
than 10~° g which is a rather difficult task without special apparatus and
skills.

On the question of zinc migration we feel quite certain that it
occurs but not necessarily as zn*t,  Zinc forms ion complexes quite easily
and in the gas phase the migratory ion might well be Zn(NH3)4++. One of
the objectives of Mr. Anderson's M.S. thesis will be the analysis of the
ion complex emitted by alpha brass when contacted by moist NHy. The JPL
mass spectrometer program (discussed elsewhere in this report) will pro-
vide a suitable instrument for this experiment.

To return again to the question of the protective film, we note
from Fig. 2 that at low NH; concentrations the protective film forms very
quickly, and the ion current is then constant with time. We suggest that
at low Nlj concentrations the film which forms is relatively defect free
and is therefore effective is restricting ionlic motion. At higher NHq
concentrations the film has a greater number of defects and must become
much thicker before it begins to limit the flow of ions from the alpha
brass tuv the gas phase.

This explanation of corrosion as a defect controlled migration

(1).

of ions is the one generally given in corrosion studies In this case
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it is in qualitative agreement with our data. As another example, at much
higher NHj/air ratios (not shown in Fig. 2), the film that forms on alpha
brass is rough, discolored and non-adherent. The plateau phenomena shown
in Fig. 2 is never observed, the ion current increases until the wire is
destroyed. This suggests that such films are so defective that they present
no effective barrier to ion migration.

To further investigate this defect film theory the next sct of
experiments involved operating the system at a constant NH3/air ratio, but
with sucéessively larger potentials between the brass wire and the collector.
The results are shown in Fig.3; here we are at an NH3/air ratio where a
protective film normally forwms after about 5 winutes of exposure. However,
in this case, the higher wire to collector voltages produce an increased
slope in the 0-5 min. period and a current which is larger than that observed
with a lower accelerating voltage.

Following our earlier suggestion that the corrosion process was
controlled by diffusion through the oxide layer on the brass, the data of
Fig. 3 may be explained as the effect of the applied voltage on the rate of
ionic diffusion in the oxide layer. It is interesting to note that going
from 180 volts to 680 volts changes the ion current by less than a factor of
3. This is a typical example of a case where the ion wmotion is governed more
by the defect nature of the film than the applied electric field(z).

The increase in ion current from 180 volts to 630 volts was coupled
with a change in color and appearance of the oxide layer on the brass. T7The
oxide was definitely darker in current at 050 volts than at the lower voltages.
This may be due to ions gaining enough energy from the electric field to cre-

a{®)

ate defccts or to an actual change in oxide cowposition with electric fiel
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Both effects have becn observed in anodic oxidation(z) and this
question is one that we hope to explore in the future. The oxide produced
in high electric fields is often somewhat rougher than that produced at zero
field and may be less protective against further corrosion. Examples of this
are often seen at electric contacts or coannectiomns carrying D.C. current,
corrosion is much more severe at these points.

The next experiment was designed to determine if the corrosion
effect was entirely a surface phenomenon or if the actual bulk structure of
the metal was changed by exposure to moist WH3. For this purpose a speci-
men was run at a constant NHj/air ratio for some 12 minutes, then removed
from the system, cleaned with fine sandpaper, and run again. The results
showed quite clearly that the effect is a surface phenomenon with no apprec-
iable change occurring in the bulk metal itself. This is in agrcement with
the usual theory of alpha brass stress corrosion, at least in the limit of
low NH,/air concentrations(3).

The next experiment was designed to determine if oxygen is a
necessary requirement for the observed stress corrosion reaction. We have
tacitly assumed this by talking about an 'oxide'" layer on the brass; however,
no data on this point seems to be available(3).

For this experiment the moist air, normally used as a dilutent for
the ammonia, was replaced by ultra pure nitrogen ( - 2 ppm 05). In a 40
minute run, there was no evidence of any ion current or stress corrosion
reaction. A similar result was observed with argon, whereas the use of
moist oxygen and ammonia led to a very rapid stress corrosion reaction and

a large ion current. WwWe conclude that oxygen is indeed required for at

least some step in the ammonia-alpha brass reaction.



As a check on the specific nature of the reaction, the ammonia
was replaced successively by N,, Gp, CO, CCy, A, Freon, aud city gas
(methane). In no case was any positive ion current observed. This is in
agreement with Ref. (1,3) which suggest that alpha brass stress corrosion
is specific to ammonia or ammronia compounds,

This concludes our discussion of past experiments; we know that
oxygen is necessary for the reaction, that the recaction is proportionate
to the Nl concentration, that the presence of water vapor speeds up the
reaction, and that the rate may be controlled by externally applied electric
fields.

Je still do not know the mechanism of the reaction, the compesition
of the oxide film or the exact nature of the zinc-ion complex as it moves

from the brass to the collector.

Future Plans

At the moment an experiment is underway to observe the effect of
ultraviolet licht (UV) on the 3CC process. UV umight be expected to change
the process since other oxidation experiments (Ref. ) have indicated that
oxide layers grown under UV have a relatively defect free structurc and are
more effective in reducing ion migration than layers grown without UV exposure.

The first experiments seem to indicate that UV light does slow down
the brass-ammonia reaction and inhibit stress corrosion. This may have some
commercial or military applications but we are not yet rcady to report this
in detail.

uther planned experiments will include an electron microprobe of
the oxide layer to determine its structure anl formula. we also plan on an

experiment using a mass spectrometer to wmeasure the e/m ratio for the ions



emitted by tlte brass when exposed to ammonia. This will be part of iMr.
fnderson's M.S. thesis.

Application of this reaction between ammonia and brass as a de-
tector for ammonia is & natural outgrowth of this research. Using the
higher accelerating voltage data shown in Fig. 3 we can expect to be able
to detect as little as 0,01 percent = 100 ppm by volume. This is about
the lower limit of human sensitivity (Ref. 5) and obvious applications
exist in military areas (for detection of people), in public health (for
detection of residual NH; in purified sewage intended for reuse, and in
planetary and life detection experiments.

The evaluation and ultimate application of our research will be
the responsibility of other organizations, and our arrangements for this
will be discussed elsewhere in this report. Here we oaly indicate that
while our major effort is in research on surface phenomena, the ultimate

justification for the existence of engineering research is the useful re-

sults or devices that eventually appear.

Detection of Hydrogen or Carbon Monoxide by Means of the Positive
Ion Current from lHot ralladium

In previous reports we have discussed the development of a new
type of detector for Hy and/or CCG. A publication reporting this work has
appecared (see Publications section) and arrangements for further develop-
mental work and production have been made with the Jurr-Brown Company of
Tucson, Arizona.

The Arizona Highway latrol, the U. 5. fublic Health Service and
several military agencies have expressed interest in the CC detector.

Burr-Brown has begun development of a demonstration model of the device and
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will solicit contractual support from interested organizations. Frofessor
Hoenig will serve as a consultant on this program but the actual contract
management will be done by Burr-Brown,

We feel that this is a valuable arrangement; commerical develop-
ment is not a university function and Burr-Brown is experienced in this type
of work (they manufacture electronic apparatus). This development represents
a very practical example of useful "fallout" from the Space Program, with
significant Fublic Health and safety applications.

We expect to continue the investigation of the phenomena itself
since the mechanism is still not clear. Yart of this investigation has been
underway and has already yielded results that are of interest to the semi-
conductor industry. A short letter to the editor has been written which is
reproduced as an Appendix to this report. The letter has been submitted

for publication in the Journal of Vacuum 3cience and Technology.

Chemisorption of Uxygen on Zn0

The studies of chemisorption of O; on <n0O have continued and we
have been able to obtain some data on the hole trap structure of Zn0C layers.
This work was done DLy lr. M. Lainhart for an undergraduate research project.
Mr. Lainhart graduated in June 1967 and dMr. John Lane has taken up the ZnO
studies for his M.3, thesis. He will be able to put in more time than ir.
Lainhart and we hope to sce the work progress more rapidly.

To quickly review the past results we shall repeat part of the
last report.

The test system operates at room temperature and is shown in
Fig. 4. ‘The Ultraviolet source is a mercury discharge lamp manufactured

by Ultra-Violet Products, Inc. of 5an Cabriel, California. Power consumption
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is low (7 watts or less with proper desipgn) and efficiency is high since
much of the radiation is in the ultraviolet (the band gap of Zn0O is about
3.2 ev).

The Zn0 is produced by evaporating <n onto 1" z 3" microscope
slides to a thickness of about SOOOR. The slides are oxidized at 500°¢C
in oxygen for seven or eight hours. Electrical contact is made by means
of platinum strips pre-fired on the slide or with silver paint. This ZnC-
on-glass system is quite stable, some specimens have been in use for four
months with no detectable change in characteristics.

Cperation is straightforward, the ultraviolet source is left on
at all times and the gas flow to the system is cycled from a standard, i.e.,
pure (bottled) N2, to the 07/No mixture under investigation. The conductivity
of the specimen is monitored by means of a voltage source (1.4 V dry cell)
and a Hewlett-~Packard 425 A microammeter. Typical currents are about 150
microamps; the output of the microammeter is recorded on a illeath Co. EUW-20
recorder.

Before presenting the data we must quickly review the pertinent
propertiecs of ZnC. In the dark and in the absence of oxygen “nO is an n
type semiconductor with no band bending at the suzface. If oxygen is ad-
mitted to the system, a rapid drop in “n0 clectrical conductivity occurs.
This is due to the formulation of 02- and/or ¢  ions on the surface of the
Zn0. The oxygen comes from the gas phase, the electrons from the counduction
band of the Zn0O. This loss of electrons is partially responsible for the
rapid drop in electrical conductivity when oxygen is adsorbed by Zn0U. The
remainder of the drop in conductivity is due to the forcing of free electrons

away from the vicinity of the surface by the immobile layer of 03- and O .
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This latter effect is especially important when the ZnC is in the form of
a thin film since the effect of the immobile surface layer extends entirely
through the filwm. This effect on the band structure of the ZnC is shown in
Fig. 5 (taken from Ref. 6). The formation of the ionized 02-, 0 layer is
shown by the upward bending of the bands near the surface.®

In any event the decrease in current continues at a decreasing
rate as long as there is oxygen present. 'Fast' and "'slow' states may be
distinguished and this will be discussed in more detail later.

If at some moment the ambient oxygen is pumped away and the ultra-
violet light is activated, the oxygen adsorption process is reversed and the
electrical conductivity of the Zn0 begins to increase. This desorpt.un pro-
cess 13 dependent upon creation of electrons and holes by the incident ultra-
violet light. The electrons have relatively little effect since the ZnO {is
already n type but the holes are drawn to the surface by the negative surface
layer (due to 02- and 0 ). Upon arrival at the surface they acquire electrons
from the adsorbed 02_ and O ions. The oxygen is desorbed as 0p and may be
pumped away.

Given this introduction we can discuss the results of what we shall
refer to as Mode I operation. Mode I is intended for rapid detection of
oxygen at partial oxygen ratios Voz/(Vo2 + VNZ) from 1 to 10”4, 1In Mode I
the ultraviolet source is kept on at all times during operation. Warm up
and calibration is accomplished by direction of a small flow of gas of known
oxygen concentration, (l.e., tank nitrogen) to the detector for a five minute

period. At the end of this time a controlled flow of O2 is mixed with the N,

* WJe should mention that Collins and Thomas (7) have questioned this
conventional interpretation but to date their suggestion has
received little support.
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flow to the detector. The drop in current is monitored for 60 sec. and
then the oxygen flow is turned off while the calibration gas, (N2) continues
to flow tlirough the system. The detector recovers to its base line in about
75 seconds and is then ready for use again.

The detector output is quite repeatable not only from run to run
but from week to week, As evidence of this we show Fig. 6. Figure 6 gives
the result of twelve runs made over a period of days. Each run was made at
the same volumetric flow ratio V02/(V02 + VN2) = (0.5 but with differcnt values
of VNz’ Voz. It is clear that the response of the device is quite repeatable
in the detec;ion and recovery parts of the run.

In Fig. 7 we show the response of the detector at various values of
the parameter @ = VOZ/(VO2 + VNZ) versus the current ratio after the oxygen
is admitted to the system. It is clear that the final current value is
directly related to the partial volume of oxygen.

This is best seen in Fig. & where we have plotted the current ratio

after 60 seconds of exposure te 2 given 02/N7 mixture.

(1/10)60 vs O = VOQ/(VOz + VNZ)

The log, linear plot is effectively a straight line over threc orders of
magnitude.

We have added to Fig. 8 some of the new data generated during the
last six months. These results represent part of our effort to lmprove
the system as a potential detector for cxygen while at the same time
gaining more understanding of the physics of the chemisorption process.

These new results extend the sensitivity of the Zn0O - oxygen sys=-

tem to an @ of 5 - 1074 = 500 ppm. This higher sensitivity is an effect of
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I,, the current before oxygen is admitted. To see this we compare curve A
in Fig. 8 with curve B where I, was 100 times larger. At low values of
a (i.e., 9 - 10'3) the signal to noise ratio for curve A is 1.4 while that
of B is only 1.02, C(learly at low values of @ slide A would be nuch more
satisfactory than slide B,

Conversely, we would expect that at high values of @ slide A would
saturate anJ therefore give no useful output. slide B would be more use-
ful in this high & range.

This is an example of how the operational characteristics of the
system can be modified by careful control of slide thickness, grain size and
composition. The slide which yielded curve B was made in the usual manner
by evaporation of zinc and slow oxidation at 500°C, This yields a zinc rich
material with tightly packed grains and a high conductivity (high 1p5).

The slide which yielded curve A was made by exposing a pyrex slide
to the fumes of zinc burning in an oxygen rich hydrogen-oxygen flame. The
grain size is coarser, and the Zn0 is probably close to the stochiometric
composition. This results in a low conductivity and a high sensitivity be-
cause the oxygen can easily enter the coarse structure of the 4n0.

One of our most important objectives is the development of coun-
trolled fabrication techmniques for ZnG., At present, the evaporation and
oxidation process is not capable of yielding samples of predictable grain
size and thickness.

We know that the rate of evaporation of Zn and the rate of oxida-
tion to Zn0O are important and one of Mr. Lane's objectives will be measure-
ment of these parameters.

There arc reasons for belicving that the density of hole traps in

(3)

Zn0 is an important parameter in the response of zn0 to light . Our first
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experinents on this question will be discussed below; we feel that there
is a direct connection between the thickness and grain size of the ZnC
and the hole trap density. It should be mentioned that weasurement of ZnO
thickness and grain structure has been a severe problem because most optical
interference techniques require a highly reflecting surface. staining might
be possible but this would change the slide composition aud charactaristics.
To date best results have been achieved with a new material called Press-C-
Film, manufactured Ly Testex, Inc. of Newark, Dclaware 15711, For use
the Zn0 is produced with a step equal to the Zn0 thickness. The soft and
reflective Press-0-Film is then pressed against the ZnO to allow it to
replicate the step contour. After replication, the film is stripped off
and examined by standard interference microscope techniques.

Results with this technique are reasonably satisfactory but we
are still learning how to handle the Press-0-Film. If one presses too hard,

the 7Zn0C and the Fress-0-Film are ruined.

Optical and Thermal Phenomena in Zua0

Studies of the optical response of ZnO are an obvious part of the
use of ultraviolet light to recycle ZnO. In our earlier reports we discussed
the use of thermal cycling and at this point we coansider both phenomena.

Considering that ZnOC is an oxygen poor extrinsic semiconductor, we
can appreciate that it is not possible to directly calculate the expected
response of the conductivity to temperature. However, the work of Hciland(g),
pg. 253, indicates that his samples were extrinsic and thermally induced con-
ductivity changes were small between 300°% and 700°K.

Qur earlier tests indicated that for a temperature range of 300°K

to 600°K the conductivity change was less than a factor of 7. If our samples
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were intrinsic, the change would hive been over 1000 and we conclude that
our samples are extrinsic and thermally, generated charge carriers will have
little effect on the measured currents. This may be clarified by considering
that if the Zn0 is a strongly extrinsic n type material, any thermally
generated holes will quickly recombine and holes will not contribute to the
measured conductivity. The thermally generated electrons will make only a
small addition to the large number of extrinsic electrons and in the limit
of low electron mobility the effect of the thermal electrons will be relatively
small,

Turning now to the optical data we see in Fig. 9 the change in
current with time when Zn0 is exposed to UV in pure No. The upper curve
shows the usual fast and then slow rise normally observed. Recalling that
the band gap of Zn0O is 3.2 ev and that the UV source has a quartz envelope,
it is clear that there is ample radiation for excitation and trap emptying.

In this connection we might note that photons of energy 1 ev have
a wavelength of 125008. e can expect that even the blue end of the visible
spectrum (AOOOX) will have enough energy to excite electrons across the band
gap.

This can be contrasted with thermal photons which at 300°K have an
average energy of about 0,026 ev. It is easy to see why light has more
effect on Zn0 than heat,

Returning to Fig. 9 the lower curve was obtained with a No. 8 wratten
filter between the UV source and the ZnO, The filter cuts off all radiation
below 45002 and the lower curve shows a long slow rise which we take to be
the emptying of hole and electron traps because 4SOOZ Photons do not have

sufficient energy to excite electrons across the 3.2 ev band gap.



At this point we have given strong evidence of the preseunce of
hole and electron traps but no information as to the relative numbers has
been obtained. If, however, we recall our earlicr discussion of the adsorp-
tion-desorption process of 0O, on Znl, we can suggest that O; be used as a
probe to measure the hole conceatration in the 4n0.

If 0, is admitted to the system the effcct on the measured ZnO
conductivity is a balance between the adsorption of 0, to 02- and the de-
sorption of 02- because of necutralization by holes.

Using this concept the density of holes at any time may be measured
by introducing a known quantity of oxyzen and noting the effect. The more
effect on Z2n0 conductivity the fewer holes and vice versa. The result of
such an experiment is shown in Fig. 10. (¥Fig. 10 is a cowmposite of several
runs and the numerical values are not strictly comparable to Fig. 9).

To obtain the data of Fig. 10, the UV light was activated and at
some time near equilibrium (7 min.) a fixed quantity of oxygen was admitted.

If we take the ratio

:Zr T M, - :Zj~to e~ /
T omem A

as a measure of the effect of the Oy on the ZnO, it is clear that the oxygen

had more effect on the lower curve D3 = 1.54 than on the upper 3 = 1,22,

This indicates that relatively few holes exist at this late (7 min.) time

since most hole traps have been emptied and the holes lost by recombination.
With no filter, holes are created continuously by radiation of

A< 40002. With the filter in place, this is not possible and the oxygen is

more effective in terms of lowering the ZnC conductivity.
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The situation is different during the fast rise of current just
after the UV is turned on. In Fig. 11 we show the current time curves with
and without the wratten #8 filter and with and without oxygen admitted at
0.5 min. Now the oxygen has essentially no effect indicating that at 0.5
min. there arc ample holes to desorb the C; as fast as it adsorbs. This is
true even with the filter in place which indicates that the holes are pri-
marily from traps.

We feel that this study has demonstrated the existence of hole traps

in ZnO and their importance in the carly "fast rise in ZnO conductivity.

Future Plaas

We hope to continue the study of #4n0 with the hope of learning more
about the physics of chemisorption. The next experiments will cover the

effects of electric fi-lds and other gases on Zn0 conductivity,

Other Acitvities in the Laboratory Related to this Program

A study of stress corrosion of uranium - 10% molybdenum has becn
underway for the past 10 months. The program is supported by the U. . Army
Aberdeen Proving Ground as Contract iDA-18-001-AMC-1063(x). U~-10% Mo is
stress corroded by oxygen and much of our experience with alpha brass has
been applicable to U-10% Mo.

Results to date indicate that dislocation wotion under applied
stress is the major factor in stress corrosion cracking of U-10% Mo by
oxygen. Some progress in improving the 3CC resistance of U~10% Mo has been
made, We are now in the stage of extending the experimeuts on controlled
surface deformation to larger specimens.

A contract (JPL No. 951560) for development of & field ionization

source for a mass spectrometer has been received from JPL. This contract
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is directly related to the objective of H5G-458 especially since the recent
work of Beckey indicates that different isomers of hydrocarbon compounds
(i.e., 1 vs 2 hexene, CgHjp) of equal molecular weight (and e/m ratio) may
be separated by their behavior in a [ield ioanization system.

The JPL contract has added some important and expensive pieces of
apparatus to the laboratory stock and has brought us intc close connection
with a major NASA contractor. The field ion source has been operating with
the Ultek quadrupole mass spectrometer and one of the first spectrums is
shown in Fig. 12. The gas was Ny + A and the resolution leaves much room
for improvement, but to the best of our knowledge this is the first such
spectrum obtained with field ionized ions and a quadrupole mass spectrometer.

We have in the past discussed cooperative work with the University
Lunar and Planetary Laboratory. This work is continuing, the studies of ion
bombardment of simulated lunar soils have been finished and a report is in
preparation by LPL personnel. Studies of the melting of volcanic rocks
under vacuum conditions are still underway. Evidence has indicated that
these vacuum melted rocks are similar in wany ways to the surface structure
of the moon.

We are cooperating with Dr. Aden B. Meinel, Director of the
University Optical Studies Frogram, on experiments to develop improved
astronomical optical detectors. This is a natural adjunct to the other
surface studies underway since certain optical detectors (phototubes) are
dependent upon surface phenomena.

Mr. Greg Smith joined us in September, 1966, as a rh.D. candidate
in Electrical Engineering. He has begun studies of photoelectric surfaces

with a view toward increasing the sensitivity and lowering the energy
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threshold for emission. Support from the Astronowy Department and the
University NASA Grant has allowed this program to proceed without problems.
A capability in optical techniques will give us another method for inves-
tigation of surface properties of materials.

Some results of this program have appeared and are listed(g) in

the Publications Section.
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CONTAMINATION OF MOS FIELD EFFuECT TRANSISTORS BY ALIALI IONS EMITTED FROM
HOT TUNGSTEN OR MOLYBDENUM FILAMENTS - RIMOVAL BY ELECTRIC FILLDS

Stuart A. lloenig
Field Emission and Space 35ystems Laboratory
Department of Electrical Engineering
The University of Arizona
Tucson, Arizona 85721

Introduction

The generation of positive ion currents by heated metals was reported

(1) (2)

many years ago . The ions have been shown to be due in some cases to

residual Na and K in the metal. The magnitude of the ion current in certain

(3)

cases is known to depend upon the presence of specific ambient gases .

(4)

It has been suggested that this alkali ion current is responsible
for some, if not all, of the alkali contamination observed in MOS Field Effect

Transistors. (Hot tungsten or molybdenum wires are used to evaporate the

aluminum to form the gate.)

Experiments

To observe the ion current the simple apparatus of Fig. 1 was set
up. The field plates shown in Fig. 1 were used to investigate the deflection
of ions emitted by the hot filamcnt(s).

In the first experiment, the field plates werc unbiased, the tung-
sten was heated to 1190°C (optical pyrometer, corrected for emissivity) and
the positive fon current to the collector was observed for some twenty hours.
The current decreased monotonically but at the end of tweaty hours signifi-

Al

- 2 .
cant currents (i.e., 1.3 * 10 8 amps/cm ) were still observed. A typical

supported by the National Aeronautics and Space Administration
under Grant NsG=453.



b2
current-time plot is shown in Fig. 7, tests at cther temperatures indicated
that the ion current is controlled by the diffusicn of the alkali ions in
the filament., Experiments were run with other tungsten and molybdenum
filaments; in all respects their behavior was similar to that in Fig. Z.

In the next experiment the field plates shown in Fig, 1 were
biased and the decrease in collector current observed. For a 250 volt field
plate bias (corresponding t> a linear field of 66 volts/cm) the ion current
fell immediately to some 10-12 amps and then rose slowly to 3 - lOm9 amps/cm2
and then remained essentially constant with time, This is shown in Fig, 2
where the data has been corrected to be comparable with the earlier experi-
wents.

At all field plate voltages this typical saturation effect was
observed. When the voltage was applied the ion current fell to the noise
level, then rose slowly to some value below that observed at zero field.

The effect was small at 250 volts but it can be seen in Fig. 2. Wwe suggest
that at zero field the ion current is partially controlled by a cloud of
positive ions around the filament. If a bias is applied to the ficld plates,
some of the ions are drawn off, lowering the collected ion curreut. The
diffusion of ions to the surface of the filament then begins to increase and
the collected ion current increases concurrently. COne might consider this
as a typical saturation current problem somewhat like those observed in hot

cathode vacuum tubes,

Conclusions
The positive ion current from a hot filament mey be reduced by
heating the filament for a long time to remove the impurities or by simply

applying a transverse electric field to keep the ions from the substrate.



A=3
The field does not affect the flow of neutral aluminum atoms. (Al has an

ionization potential of 5.9 ev and is not ionized on hot metals to any

appreciable degree.)

System Desien

Scaling up the system of Fig. 1 should present no problems, the
highest cnergy ions will have no more than a few ev of energy if the fila-
ment 1s D.C. ground. However, the designer should be aware that hot
filaments are copious e¢mitters of electrons and that any insulating or un-
grounded substrate will therefore acquire a negative charge. This may in
turn increase the flow of positive ions to the substrate. An Electron-lon-
Substrate cffect of this type may explain some of the variations in alkali
contamination observed in device production.

This study was part of a long term program on the surface phenome-

na of metals and semiconductors in various environments.
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